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Abstract 
At selective laser sintering / melting of powder bodies by laser irradiation it is very important   to determine the actual energy 
deposited in a layer of powder and its distribution over the thickness of the powder bed. By varying the thickness of the powder 
bed the distribution of absorbed energy over the thickness of the powder bed has been determined. The modeling of sintering of  
the powder bed  from two layers of spherical metal particles in pulse mode of operation  validate the efficiency of the method of 
sintering , the essence of which is  the directional focusing of laser radiation to the space between the particles of upper layer  
under appropriate focus spot dimension. 
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1. Motivation  
By selective laser sintering / melting of powder bodies by laser irradiation it is very important   to determine the 
actual energy deposited in a layer of powder and its distribution over the thickness of the powder bed. There are two 
possible approaches to the description of the laser radiation passage in a powder bed - a model of surface absorption, 
where the radiation is absorbed in the surface layer of the powder bed and the model of bulk absorption of radiation 
in many layers of the powder bed and a heterogeneous medium is consider as a homogeneous one with some 
effective parameters as the extinction ¸ absorbing and scattering coefficients [1, 2]. The question of choice of 
approach is determined by the optical characteristics of the particles material, especially the degree of transparency 
of the material particles at the wavelength of the laser radiation, as well as by the path length of the laser radiation 
and the thickness of the powder. 
To measure the energy deposited in the powder bed under the action of laser radiation it is sufficient to measure the 
total transmission in the forward hemisphere and fully reflected in the rear hemisphere. By varying the thickness of 
the powder bed possible to determine the distribution of absorbed energy over the thickness of the powder bed. 
2. Experimental 
The reflectance and transmittance  of layers of titanium powder of spherical particles of narrow fractional 
composition were measured.Measurements were performed of the reflectance and transmittance of powder bed from 
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one, two or more layers of spherical titanium powder from 200 +30 ȝm  to 600 +30 ȝm in diameter . The reflectance 
and transmittance were measured using the integrating sphere method. The measurements  were performed at some 
wavelengths in the range from 400 to 1060 nm. The radiation of continuous spectrum of incandenscent lamp has 
been used. The absolute error of measurements was 1% for the transmittance and 3% for the reflectance  
  The powders are placed in glass cell and distributed fairly uniformly over the bottom surface of cell by vibration. 
The cell were placed at the inlet of a integrating sphere  when measuring the transmittance ( fig. 1a) or in a side 
opening of the sphere when measuring the reflectance ( fig.1b). The reflectance of a compact titanium was measured 
first. The values of R(400nm) = 0.4 , R(600nm) = 0.46  and R(1060nm) = 0.65 were obtained.  
 
Fgure  1.  (ɚ)- Optical scheme of  reflectance measurements:  1 –integrating sphere; 2 –mirror; 3 –powder cell; 4,7 photodiodes; 5-  lens; 6- half 
mirror .   (b) -  Optical scheme of  transmittance measurements: 1 –integrating sphere; 2 –mirror; 3,5 –powder cell; 4,6 - lens;  7 - diaphragm ; 8-
photodiode. 
3. Results and Discussion 
The obtained results demonstrated (fig.2) that radiation is largely absorbed in the first two layers of the powder 
bed. The constancy of reflectance within the accuracy of measurements with increasing  number of layers (fig.2) 
indicates that reflection occur largely on the particles of the first layer. Reflectance is defined by powder particles 
conditions and particle material reflectance (fig.3a). Because the particles diameter exceeds significantly  the 
radiation wavelength it is reasonable to use the  geometrical optics approximation. The estimates  indicate that the 
transmission of the first layer is largely defined by the ratio of the area of gaps between the particles  to the total area 
of the layer .  As follows from  the obtained results only 15-20% of radiation falls on the particles of the second  
layer when scanning by large laser spot ( > particles diameter) . The growth of reflection was set in SLS process of 
Ti powder with increasing exposure time that is caused by an increase in the contact necks surface and a decrease in 
porosity due to melting ( fig.3b). 
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                                          a.                                                                                                    b.                                                                 
Figure 2. (a) -   Reflectance (R) and transmittance of one layer (T1)  and two  layer (T2) powder bed. (b) – Spectral dependence of transmittance ( 
1,2 – one layer , 3,4 – two layers), 1,3 - 200μm  and  2,4 - 400μm powder diameter. 
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                                                               a.                                                                                                               b. 
Figure 3.  (a) - Spectral dependence of  reflectance (1,2 – one layer , 3,4 – two layers ), 1,3 - 200μm  and  2,4 - 400μm powder diameter;  
  (b)-  Reflectance  versus scan speed. Ti- powder , 0,4 mm 
 
  The data resulting from our measurements are in closed agreement with  ones  obtained in experiments [ 1,3-5 ]   as  
a results of  theoretical investigations [2,5,6]. For one example, the measured extinction coefficient  ȕ was _50 mm-1 
at the mean particle diameter d50 = 57 μm and 60% density and  230 mm-1 at d50 = 26 μm and 54% density [1]. For 
the spherical powder with 20 μm particles and powder layer thickness of L = 50 μm, the optical thickness l = ȕ·L is 
estimated in the range from 2 to 4 [5]. In this case two layer transmission would run to only  0.01- 0.02. 
 Also one should take into account transmitted light is diffuse light low in power density, insufficient  for substantial 
powder heating. 
       As it is found experimentally  when scanning by large laser spot only 15 % of laser power fall on  the 
underlayer particles and for  two-layer sintering it is essential to melt   the particles of upper layer. 
 But there are a number of  problems of powder metallurgy including selective laser sintering of the medical 
implants  with high degree of porosity of product must be conserved at minimal particles deformation. This can be 
arranged by contact sintering of  particles the layers each and particles of two sequential layers of powder bed. The 
central problem is sintering a two layer without  complete  fusion penetration of upper layer.  
Theoretical researches of sintering of powder bed from two layers of spherical metal particles by pulse and pulsed- 
periodic laser radiation with length of a wave Ȝ =1,06ȝm, duration 1-5ms has been carried out Numerical 
calculations are conducted with use of program LS-DYNA on a supercomputer "SCIF" [7]. 
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4. Modeling.  
 
Three- dimensional differential thermal conductivity equation may be written: 
                                       ȡɫ 2T k T Q
t
w   w                                                                                                       (1) 
at boundary data:    k (1 )T R q
n
w   w  +  ȑ ı T
4       ,   and initial conditions:     T = To  ɩɪɢ  t=to.                 (2) 
where ȡ,ɫ,k - density, heat capacity, thermal conductivity of particles material, ȑ – emissitivity factor, ı – Stephen- 
Boltzmann constant, Q – intensity of  internal heat source, q – laser radiation intensity  , n – surface normal.   
At the environment of  Mechanical Desktop the solid - state model  in the form of  four balls was created ( fig.4). At 
the ANSYS programme the finite- element grid on a surfaces was built.  
 
 
 
 
 
 
 
 
 
                               
 
 
 
Figure 4.  Finite- element grid on a surfaces of solid – state model 
 
In the model under consideration the laser radiation power density at focal spot  on the particles surface  is in the 
form of Gaussian distribution q=qm exp(-r2/Rs2) with half- width  Rs=0,02-0,2 ɦɦ, peak pulsed power density P = 
10- 600W,  particles  diameter - 200 μm, reflection coefficient R = 0,65. The laser pulse shape is taken as 
rectangular  with duration up to 5 ms. A boundary conditions was determined by given values of power flow 
through the finite-elements on the surface (1-R)·q. 
Calculations are performed at  a directional arrangement  of an irradiation spot on a surface of powder bed at the 
one pulse influence.  As a criterion of sintering achievement in points of a contact of spheres the temperature of 
fusion of a material of powder particles is chosen.                 
   As calculations implied, the optimal regime of sintering without particles melt down   can obtain using proposed  
method of sintering [8], the essence of which is  the directional focusing of laser radiation to the space between the 
particles of upper layer (fig.5).  Redistribution of pulsed power between the layers   provides optimal  surface 
heating of the particles contact regions. 
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Figure 5.  Schematic view of the directional focusing of laser radiation 
 
  Serial focus spot reduction  from Rs=0,1 ɦɦ to Rs=0,02 ɦɦ (fig. 6b,7 ) tends to temperature balance at upper and 
lower contact points. Particles heating down  may be occur at the small region of lower layer particles ( fig.6a) and 
only 12 W  is enough   for two layer sintering.  
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Figure 6. (a)- Temperature field on the surface of solid model at t= 5ɦɫ. (b) - Time dependence of  temperature   at the contact points at optimal 
regime  of sintering:1- contact between balls of   upper layer(point B); 2,3 -  contact between balls of upper and lower  layers( point A,C);  D = 
200μm, P = 12,5 ȼɬ. , Rs= 0,02ɦɦ 
 
The focus sport size and laser power will rise as the particles diameter increases (fig.8) and temperature difference 
will gain. 
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Figure 7.  Power –dependence and focus area                                           Figure 8.  Time dependence of  temperature  at contact points           
              size -dependence of temperature at contact                                               at optimal regime of sintering: 
               points  (D=200μm).Focus area size                                                                D = 400μm,P= 50 ȼɬ. , Rs=0,05ɦɦ 
  1, 2 – 0,1 ɦɦ, 3, 4 – 0,05 ɦɦ, 5,6 – 0,02 ɦɦ 
              1, 3, 5 – point B, 2, 4, 6 – points Ⱥ, C. 
 
 
5. Conclusion 
As the results of investigations obviously that for opaque spherical particles of a narrow band of granulation 
absorption of laser radiation is superficial in the sense that the radiation is almost completely absorbed in the first 
two discrete units of powder bed structure - layers, that repeatedly confirmed in practice of SLM / SLS and talk 
about the bulk nature of the absorption is not necessary. 
On the base of experimental results and modeling effective method of the selective laser sintering of the products 
with high porosity has been developed.   
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